T HE PULVINAR NUCLEI of the thalamus lie posterior, medial and dorsal to their much better known cousin, the lateral geniculate nucleus, and 'cover' the underlying superior colliculus (SC). In the same way as the lateral geniculate ('knee-like') nucleus curves around the rising optic tract, the pulvinar ('cushion') forms a larger and more-diffuse, but recognizable, mass around the axonal tract that arises from the SC, the brachium of the SC (see Fig. 1 ). The original four nuclei of the macaque pulvinar were defined in early studies on purely anatomical grounds 1, 2 . New and more-exact studies continue to delineate more subdivisions by using morerefined techniques and strategies (for example, see Refs 3 and 4). The most-rostral nucleus, the oral pulvinar, is most heavily connected with somatosensory brain areas and parietal area 5 (Refs 5,6), and is often ignored in reviews of pulvinar function. A recent review has focussed on visual salience as portrayed in responses of cells that are mainly within the inferior and lateral nuclei, and this article is intended to progress that information 7 . While this article will also focus on the three 'visual' nuclei, it will also make reference to the oral pulvinar and, wherever possible, restrict itself to the macaque family of Old-World monkeys, which are considered by most to be the best-available animal model for the human visual system.
Structure
The major inputs to the original three visual pulvinar nuclei, (inferior, lateral and medial) are illustrated in Fig. 1 . This diagram should not be regarded as an encyclopaedic list, but it rather suggests that there is a topography in the inputs and outputs associated with these nuclei, which run from ventrolateral to dorsomedial; from early vision [retina, primary visual cortex and low-medium-level extra-striate visual cortex, up to visual area 5 (V5) (also known as the middle temporal area, MT] to higher cortices, for example, the parietal, frontal, orbital and cingulate cortices; this is paralleled by a shift in sub-cortical inputs from the superficial SC to the intermediate SC. An unmarked subdivision that lies at the border of the lateral and medial nuclei has been termed the dorsomedial area (Pdm), which has inputs from both the superficial and intermediate SC, and the retina [14] [15] [16] . A recent anterograde study has confirmed the previous suggestion that the inferior p and elements of lateral pulvinar receive major c inputs from the early extra-striate cortex, while and medial pulvinar receive input from higher c such as the parietal cortex 17 . Interestingly, in th study, injections in inferior parietal cortex area labelled the oral pulvinar 17 . Further subdivisions pulvinar nuclei have been made on the basis of criteria (see Ref. 18 for a comprehensive review) a most-recent suggestions posit the division of th rior pulvinar into four components that are defi chemoarchitecture [in the macaque, these divisi made on the basis of calbindin, AChE and SMIantibody against a non-phosphorylated neurofi epitope) localization], which include some elem the classically defined lateral and medial pulvinar but still confines these areas to a ventral position 3,1 the subdivisions appearing as blocks running ventrally. Similarly, Kaas and co-workers have d this nucleus into four sub-nuclei, in three spec cluding the macaque), on the basis of Nissl, cytoc oxidase, calbindin, AChE and CAT-301 stainin mapping that is in reasonable agreement with Cusick and co-workers 3, 19 . While the original pulvinar is generally left as a single entity, it sho remembered that the more-recent findings that c the inferior and mediodorsal components hav encroached upon the original cytoarchitectonic division. Even the apparently homogeneous nucleus can be subdivided, with AChE staining ing an AChE-dense dorsomedial area that is con closely with the orbito-frontal cortex 20 . Thus, th vinar complex expands to include approximatel to ten anatomically defined subdivisions! The p logical properties and inter-relationships of thes tiple regions are as yet unclear, and it seems like future studies should be directed towards a more-d examination of this complex organization (see for a recent review).
Infrastructure
The pulvinar, like many other thalamic nucl long been known to comprise both projection ne and intrinsic interneurones (for a review see R Within the medial and lateral pulvinar, cells that and retina, they occupy an analogous position in the extra-striate visual system to the l geniculate nucleus in the primary visual pathway, but deal with higher-order visual and visuom transduction. With a renewed recent interest in this thalamic nuclear collection, and growth knowledge of the cortex with which it communicates, perhaps the time is right to look to dimensions in the pulvinar code.
